Living Labs can be seen as a means to structure user involvement in innovation processes. However, in this rather young research domain, there is no consensus yet regarding supporting theories and frameworks. This has resulted in a wide variety of projects and approaches being called 'Living Labs', which leaves a clear conceptualization and definition a task in progress. Within this research paper we propose a fourfold categorization of Living Labs based on a literature review and validated by an empirical investigation of the characteristics of 64 ICT Living Labs from the European Network of Living Labs (ENoLL). The four types are Living Labs for collaboration and knowledge support activities, original 'American' Living Labs, Living Labs as extension to testbeds and Living Labs that support context research and co-creation with users.
Relation to Existing Theories and Work

Living Lab characteristics
The most cited work positioning Living Labs amongst other Test and Experimentation Platforms (TEPs) remains a multiple case study analysis by Ballon et al. [2007] . They identified six TEPs (Prototyping, Field Trials, Testbeds, Societal Pilots, Market Pilots and Living Labs) which they found differing on three relevant dimensions: technological readiness (low to high maturity), research focus (testing versus design) and openness (in-house activities to open platforms). For Living Labs, the commercial maturity of the innovation in development is lower than is the case within societal and market pilots. The focus is more on the design of the innovation and less on the testing compared to Field Trials and Testbeds. One major conclusion stated that Living Labs have a unique role between early prototypes and fully developed products. Living Labs are eventually defined as 'an experimentation environment in which technology is given shape in real life contexts and in which (end) users are considered 'co-producers' [Ballon et al., 2007] . Figure 1 . Classification of TEPs [Ballon et al., 2007] However, as can be witnessed from the well-known figure depicting the different TEPs for the three given dimensions, there is quite some overlap between these six TEPs. This suggests that the boundaries between these different approaches are in practice often fuzzy and that a lot of elements within these approaches are quite similar. A second main attempt with the intention to enrich theory-building regarding Living Labs can be found in Følstad [2008] . He conducted a wide literature review of ICT Living Labs, also the focus of our own empirical study, and abstracted the main elements from the case studies. He eventually identified nine distinct Living Lab-characteristics. The first five are characterizing purposes that deal with the Living Lab contributions to the innovation development process: 1. Investigate the usage context, 2. Discovery of unexpected usage and new service opportunities, 3. Co-creation with the users, 4. Evaluation or validation of new ICT solutions by users and 5. Technical testing of the innovation. Two characterizing purposes have to do with the Living Labcontext: 6. Familiar usage context and 7. Real-world context. The final two elements consist of characteristics of Living Lab-studies: 8. Medium-or long-term research and 9. Large scale research. Four purposes were found to be common for the studied Living Lab-approaches: discovery, evaluation, familiar context and medium-or long-term. The other characteristics were regarded as diverging perspectives on Living Labs. The fact that more than half of the nine elements are not present in the majority of the analysed cases might also be a further proof of the fuzziness and overlap with other innovation methodologies.
Living Lab-typologies from literature
Besides some early mentions of 'Living Labs' in the context of biology and medicine, the term was first used at MIT in its present connotation to describe a laboratory environment with all facilities of a regular home, optimized for multi-day or multi-week observational studies of single individuals and constructed to resemble a 'real' home as closely as possible [Intille et al., 2005] . Volunteer research participants inhabited these 'living laboratories' where the routine activities and interactions of everyday home life can be observed, recorded for later analysis, and experimentally manipulated [Eriksson et al., 2005] . A fitting example of this kind of Living Labs can be found in Markopoulos & Rauterberger [2000] who confront Living Labs with so-called 'smart home' type projects. Whereas the latter type of projects acts as a showcase of an integrated vision of the 'home of the future', they define their Living Lab as a testing facility with as primary research goal to focus on how ubiquitous computing technology can be designed to fit the daily lives of the Living Lab inhabitants. Summarizing, this definition sees the Living Labconcept merely as a research facility that tries to overcome the artificial lab-context and is referred to as the American vision on Living Labs [Schuurman et al., 2011] . A major divergence of the 'European' Living Labs from this American notion is that the user is now studied in his or her everyday habitat. However, there are set-ups and occurences within this 'European' notion. Følstad [2008] distinguishes two: Living Labs supporting context research and co-creation and Living Labs as extensions to testbeds. Characteristics of this first type of Living Labs include co-creation of new ICT-services and collection of information on the usage context with sometimes ethnographic approaches to enable data collection [Pierson & Lievens, 2005] . These Living Labs can focus on the early development phases of needs analysis and (iterative) design, where, based on an identified problem, a solution is developed in close interaction with end-users [Thiesen Winthereik et al., 2009] . However, other Living Labs of this type are more evaluative in nature and focus on the iterative finetuning of innovative products or services, tapping into the innovative capacity of test-users . The testbed-like type of Living Labs can be found in the work of e.g. Ponce de Leon [2006] and Zhong et al. [2006] . They use the term to describe testbeds (controlled network environments for test and validation) for ICT services. Følstad [2008] makes the observation that the opportunity to conduct real-world validation studies of testbed applications seems to be an important motivation for many of the Living Labs belonging to ENoLL, something which is also apparent in the work of Ballon et al. [2007] (cf. supra). Besides these three general categories of Living Labs, a fourth type can also be distinguished in the literature. This final type is more focussed towards multi-stakeholder collaboration and knowledge sharing, with less emphasis on developing and testing of new technologies or on deep end-user involvement. Buitendag et al. [2012] define collaboration and knowledge support activities as cardinal to a successful Living Lab. Coetzee et al. [2012] point out to this difference between examples of this type of Living Labs in South Africa and the 'European LLs'. A main distinguishing element is the emphasis on collaboration with communities, specifically rural communities, in contrast to European LLs' co-creation with 'users' who are mostly located in urban areas. Whereas European Living Labs operate more on a project-basis, these Living Labs are predominantly long-term and involve prolonged engagement with communities. Leminen et al. [2012] take another approach, as they propose to differentiate Living Labs based on which actor drives their activities: utilizer-driven, enabler-driven, provider-driven and userdriven Living Labs. We will now briefly review these four types of Living Labs.
Utilizer-driven Living Labs
As utilizers are companies that launch Living Labs to develop their businesses, the focus is on developing and testing new products and services. These utilizers use Living Labs as a strategic tool to collect data on test-users of their products or services, organizing most Living Lab activities around themselves granting them a central position in the network. Because these utilizers mostly strive for rapid results, utilizer-driven living labs are often short lived or projectbased. This type of Living Labs resembles living labs supporting context research and cocreation with users.
Enabler-driven Living Labs
Enablers of Living Labs can be various public sector actors, non-governmental organizations, or financiers, such as towns, municipalities, or development organizations. Enabler-driven Living Labs are typically public-sector projects that pursue some kind of social innovation or societal improvements. Participation of private companies in this type of Living Labs tends to be low, suggesting that the potential business benefits are not clear to utilizer firms. A main aspect is the creation and sharing of knowledge and information across the network through the actors in the Living Lab. Typically, this type of Living Labs last significantly longer compared to utilizerdriven living labs. Looking back at our literature review, we can conclude that these enablerdriven Living Labs are very similar to the Living Labs for collaboration and knowledge sharing.
Provider-driven Living Labs
Providers can be public organizations as well as private companies that enter into Living Labs to co-develop new products, services and solutions to their business or industry needs. They provide the network with their product or service portfolio. Provider-driven Living Labs aim at promoting research and theory development, augmenting knowledge creation, and finding solutions to specific problems. Much of the innovation is about generating useful knowledge and information for everyone in the network. Provider-driven Living Labs focus on improving users' everyday life in a way that allows for all participants in the network benefit from the resulted innovation. Some provider-driven living labs are built around a single project, whereas others have succeeded in establishing themselves as longer-lived innovation platforms. An example of the latter case is companies (utilizers) testing and fine-tuning innovative services or products on a technical infrastructure hosted by the provider. In the light of our literature review, providerdriven Living Labs can thus refer to the original American notion of Living Labs, where a lab infrastructure is provided to study end-users in an environment resembling their everyday life. Testbed-like Living Labs can also be seen as provider-driven, as the technical testbed infrastructure is also provided to test and develop innovative ICT-services, although the actual innovation projects can be seen as utilizer-driven. Where Leminen et al. [2012] argue that Living Labs are usually either utilizer-driven or provider-driven because both emphasize efficiency with regards to the firms' investments, our observation complements this statement, as Living Labs can be provider-and ultilizer-driven, depending on the focus of the analysis (case-based or infrastructure-based).
User-driven Living Labs
User-driven Living Labs are established by user communities and focus on solving users' everyday-life problems. They typically build upon a significant problem or a specific community of interest. Value is (co-)created mainly for the user community, but the companies and society in general also benefit indirectly. User-driven living labs are long lived, because they are built around the user community. When looking at our literature review, this kind of 'bottom-up Living Labs' could not be found in the presented Living Lab definitions. This can be explained by the fact that Leminen et al. [2012] found that these kinds of Living Labs are quite uncommon to date. We believe that this type of Living Lab might be an outcome of for example an enablerdriven Living Lab where a community of end-users is stimulated to participate and conduct innovative activities themselves, but that it is hard to establish a bottom-up user-driven Living Lab 'from scratch'. The table below summarizes the main findings from our literature review in a fourfold typology of Living Labs. For each type, two examples from literature are provided, together with a short description of their characteristics and a classification in the light of the types of Leminen et al. [2012] . When confronting these four types from literature with the work of the first section in this review, the first type, Living Labs for collaboration and knowledge sharing, is less in line with the focus on testing and experimentation and is also less tailored towards thorough user involvement. This type of Living Labs thus seems to be divergent from this original notion of Living Labs.
Research approach
In order to validate the fourfold typology we developed based on our literature review, we conducted an empirical assessment of the given framework. The unit of analysis are ICT Living Labs registered at the European Network of Living Labs, which was discussed in more detail in the previous section. Cooperation with the network enabled us to access the non-public registration documents and facilitated contact with a key responsible at each Living Lab, resulting in a unique data set. The data collection took place in two steps. The first step -"Living Lab Characteristics" -encompassed a quantitative assessment of Living Labs, based on the nine characteristics established in Følstad's [2008] review. Two experts, one part of and one distant to the author team, reviewed the publicly available material and the internal registration documents, and independently assessed the characteristics of all 64 Living Labs on scale from 1 (low) to 4 (high). The coding scheme can be found in annex. The second step augmented the data from the first step with in-depth interviews with key informants at the Living Labs. The analysis of the data followed two steps which paralleled the data collection.
Step 1 ("Living Labs characteristics") encompassed the assessment of 64 Living Labs. The coding of the experts showed high reliability (Krippendorff α >.8), except for co-creation and technical testing (α >.6). Disagreements were re-examined and dissolved. To uncover higher-order characteristics among the nine Living Labs characteristics, and cluster the Living Labs, we conducted K-means clustering with an ordinal scaling level in IBM SPSS Statistics 19 for a four cluster solution, similar to our fourfold typology. In order to elaborate upon the data, the interviews were used as a means to clarify and add to the understanding.
Findings
For the description of the Living Lab clusters, we used the cluster means of the original nine characteristics. All data can be found in table 2. Within Cluster 1, the highest means for all user contribution items can be found. The same goes for familiarity and real-world context, but the size and duration are relatively small. This implies intense user involvement and co-creation with a small set of users for a shorter period of time. In contrast, cluster 2 consists of Living Labs with the lowest user contribution and lowest degree of realism in terms of familiarity and real-world context. Size and duration are however significantly higher. Cluster 3 shows the second highest means for user contribution and for familiar and real-world context. This cluster has the highest values for duration and size, indicating a long-term involvement of a large group of users. Cluster 4 consists of Living Labs in laboratory conditions that however resemble familiar usage contexts with a rather low user contribution. User samples are rather small, but the duration of the Living Labs has the second highest value of all four clusters. In the light of our fourfold typology, we can elaborate upon the discovered clusters. Cluster 1 clearly resembles the 'European' notion of Living Labs with a focus on co-creation of products and services with users based on real-world experiences. Testing is also an important aspect amongst these Living Labs. This observation, together with the small scale and the shorter duration point to Living Labs that are rather utilizer-driven and more project-based. With 19 out of the 64 Living Labs being classified in this cluster, this is the second biggest population within our sample. As an example we can mention the LeYLab Living Lab (http://www.leylab.be) where a small sample of homes (around 100) were equipped with a fibre-to-the-home infrastructure and some of them with testing devices such as tablets or media PCs connected to their TVs. Some Living Lab cases were initiated during the running time of the project (2 years) where small groups of test-users co-created and validated innovative applications on the Living Lab-infrastructure. Cluster 2 clearly stands out from the other three. With only seven Living Labs, it is by far the smallest. With the low user involvement and the low emphasis on testing, this cluster resembles the Living Labs for collaboration and knowledge sharing. Within cluster 3, the largest cluster in our sample, we can discover some of the elements from the testbed-like Living Labs from our typology. User involvement is moderate, but runs over a long time period and with the largest user sample in comparison to the other clusters. Through a technological testbed-like infrastructure, a large user sample can be involved in co-creation and testing of ICT-services. An example for this third type is Botnia Living Lab (http://www.testplats.com) where more than 6.000 (potential) test users are available to try out innovative applications and services. Already more than 100 cases have taken place. For this third cluster, we can conclude that it is clearly provider-driven in terms of the infrastructure (testusers and networks), but is mainly utilizer-driven in the case of concrete projects. The final cluster, consisting of 17 Living Labs, is very similar to the American Living Labs from our typology. In a laboratory context with some familiarity in term of usage context, user behaviour is observed and recorded, with less focus on co-creation. As an example, we can mention the SMEDL Living Lab (http://www.socialmedia-nrw.de/). This Living Lab, aimed at exploring and dedeloping innovative home entertainment technologies, includes a stationary controlled testbed designed like a living room where all activity is logged and recorded [Hess & Ogonowski, 2010] . Because of the heavy infrastructural component, these American Living Labs are mostly active for a longer time period, but only allowing smaller user samples to be involved.
Conclusion
Within this paper, we have proposed a fourfold typology of Living Labs based on the existing Living Labs literature. By means of an empirical assessment of 64 ICT-Living Labs from the ENoLL-community, we found a four cluster solution that more or less confirmed this typology. The four general Living Lab-types as they appear in literature and practice are American Living Labs, testbed-like Living Labs, Living Labs focused on intense user co-creation and Living Labs mainly as facilitators for multi-stakeholder collaboration and knowledge sharing. In terms of the driver of these Living Labs, we found that utilizer-driven and provider-driven Living Labs seem to be the most common, while enabler-driven seemed to be less common. Interestingly, userdriven Living Labs were not explicitly discovered or mentioned in the analysed literature. The Living Labs focussed on collaboration and knowledge sharing can be seen as divergent from the other three Living Labs in terms of initial focus, as they tend to focus on the network of Living Lab stakeholders and the effects of the network. The user, or rather a user community, is merely one of the stakeholders, whereas the other three emphasize user involvement and co-creation as central tenets of the Living Lab. These three Living Labs differ mostly in terms of size, duration and usage context, which can be 'real-world' or in a lab made to resemble the real world. When looking at the stakeholder that drives the Living Lab, it became apparent that this differs according to the type and goal of the Living Lab. For the testbed-like Living Labs and for the American Living Labs, a distinction can be made between an infrastructural component and the concrete innovation cases that are run in the Living Lab. In terms of actors driving the Living Lab, the infrastructural component is provider-driven, whereas the concrete cases and projects are mainly utilizer-driven. Future research might go deeper into detail into this distinction. More studies regarding the nature and appearance of the various types of Living Labs is still needed. We now started from nine general characteristics, but further variables should be included in order to deepen the understanding and to allow to paint a more fine-grained picture of the current Living Labs movement. More insights are still needed in order to realize the full potential of the Living Labs movement.
7 Annex -Codebook
CRITERION 1: Investigation of the usage context
In order to give a high coding to this variable, the Living Lab should encompass methods that allow getting insights into the context of use, as well as the environment and the users' skills. It is critical for this criterion that these insights relate to the context in which insights are generated, and how the characteristics of the context may influence the findings; rather than seeing the Living Lab only as a random environment, in which a solution is presented to a user. The Living Lab-setting allows to some extent to discover unforeseen usage patterns and unexpected behavior e.g., a simple survey at the end of the Living Lab that looks for unexpected uses and/or opportunities generated by respondents; very new ideas of users that may emerge can be captured 3: The Living Lab includes research in the early stage of the innovation, e.g. through idea generation for new services or a simple need analysis 4: Systematic and thorough inclusion of methods that focus on the early stages of the innovation process, e.g. users' needs analysis, idea generation through idea box or focus group workshop, confronting users with very early prototypes to provoke reactions (rather than prototype testing close to new product/service launch). Researchers actively engage in looking for unexpected usage (e.g. by observing the users) and new opportunities CRITERION 3: Co-creation with the user Co-creation implies a continuous process of feedback and adaption between (some of) the users and the organizations involved in the Living Lab as the developers of the innovation. Co-creation implies an intellectual effort of these users in the shaping of the innovation and to provide users with possibilities to alter/adapt a new product/service. This criterion is rated, depending on the degree of involvement and the actual utilization of user feedback and suggestions for the (re-)shaping of the innovation. 1: There is no interaction between researchers and users for improving the product/service. 2: User suggestions for modifications/alterations are somewhat captured (e.g. by a survey), but not in an iterative manner. 3: Opportunities for modifications/alterations are given and captured, which may lead to modifications/alterations and then the innovation is presented again to the users (iterative process). 4: Users can actively contribute to the alteration/modification, by giving solution information or even by making changes themselves (active user input, iteration). The users are clearly a part of the innovation process.
CRITERION 4: Evaluation of new (ICT-)solutions by user
This criterion is evaluated as being high, if the innovation is evaluated in any way by the users. This feedback can be given during the usage or after the usage by means of different research methods or techniques. This implies that the users are able to give some kind of rating to the innovation, either positively or negatively, and to validate new solutions 1: There is no evaluation by the users. 2: There is a brief evaluation of the innovation; e.g. by post-usage survey 3: More thorough evaluation of the innovation is given post-usage; e.g. through a more interactive research method like for example focus groups 4: Multiple possibilities of feedback and evaluation by users during usage, and possibly also post-usage, are given. 
CRITERION 8: Medium-or long-term user studies
This criterion speaks for itself. When longitudinal user studies are present i.e. studies that are carried out over a prolonged period of time, this criterion can be given a high score. The exact duration of the Living Lab (not of a single innovation!) will be used as a measure. E.g. 1: one time trial of an innovation to 4: over months CRITERION 9: Large scale user studies As with the previous one, this last criterion is also quite straight forward in wording. The assessment relates to the number of users involved. As it can be argued that the scale of the user studies is relative to the type of innovation being tested and/or co-created in the Living Lab (and other criteria), this variable simply registers how many users participated in the Living Lab.
